A cosmid library of 3 • 10 .5 clones has been constructed from a human • hybrid cell line, 153E9a3, which contains human chromosome 2l (HC21) as the only human chromosome. From 56,500 clones of this library, 229 HC21-specific cosmids have been isolated by their hybridization to total human DNA and by their failure to hybridize to total Chinese hamster DNA. The cosmids isolated were then characterized, of these, 28 cosmids (12.2~ of those tested) contained Notl site(s), and 41 cosmids were localized on the eight subregions of HC21 by differential hybridization with Alu-PCR products obtained from a hybrid mapping panel. The cosmids localized were further integrated into the existing contigs using the end-specific probes of the clone insert. Therefore, they provided useful anchor points for contig mapping and walking.
INTRODUCTION
Human chromosome 21 (HC21) represents a model for physical mapping of the human genome because it is the smallest human autosome and associates with several genetic diseases, including Down's syndrome, some forms of Alzheimer's disease and other neurological diseases (Stewart et al., 1989) . The cloning and regional mapping of chromosomal DNA will speed the characterization of the disease-related genes. Recently, a continuous unit of yeast artificial chromosomes (YACs) covering the entire human chromosome 21q has been constructed using D.-X. HOU et at.
sequence-tagged sites (STS) as landmarks (Chumakov et al., 1992a) . YACs provide an efficient way to order large genomic regions but they tend to have high frequency of chimerism, deletions and rearrangements (Schlessinger, 1990; Christopher, 1993) . Unlike YACs, cosmids tend to have more stable inserts with little chimerism. Such cosmid contig maps will provide easily accessible materials for determining genome organization and for obtaining the DNA sequence.
For these reasons, we have begun to construct the HC21 contig map with cosmid clones. Our project consisted of two logical steps: first, the cosmid clones from a primary library were assembled into sets of overlapping cosmids (contigs) based on the fingerprinting method (Carrano et al., 1989) ; second, contigs were mapped onto HC21 with known markers, and the gaps between contigs were closed up by other cosmid clones. To date, we have fingerprinted approximately 9,300 cosmid clones from a HC21 flow-sorted linrary (constructed in Lawrence Livermore National Laboratory) by automated fluorescence-based fingerprinting method (Carrano et aL, 1989) , and assembled 4,440 cosmids of them into 467 contigs by a computer algorithm on the basis of measured overlap probability (the log likelihood ratio) statistics that exceeded an acceptable threshold (Branscomb et aL, 1990 ) (submitted for publication). Now, we are mapping these contigs onto HC21 and trying to close the gaps between the contigs. However, we have noted that some gaps, where no junction clone exists in this library, must be closed with other libraries.
Here, we constructed a cosmid library from a human • hamster hybrid cell, 153E9a3, which retains HC21 as the only human chromosome. The HC21-specific cosmids were isolated from this library and then localized on HC21 subregions. The cosmids localized were further used to map the existing contigs and to close the gaps between contigs.
MATERIALS AND METHODS
Library construction. The human xhamster hybrid cell line 153E9a3, which retains human chromosome 21 as the only human chromosome (Patterson et al., 1985) , was used as the cloning source. The cell was cultured in F12 medium with 10~ fetal bovine serum. The unique presence of human chromosome 21 was certified by fluorescence in situ hybridization (Hou, unpublished data). Highmolecular-weight DNA was extracted and partially digested by Sau3AI according to standard method (Maniatis et al., 1989) . Fragments between 35 and 50 kb were collected by sedimentation through a sucrose density gradient and then dephosphorylated. A high efficiency cosmid vector, sCos-1 (Evans et al., 1989) , was prepared by XbaI digestion and dephosphorylation. After the cloning site was cleaved with BarnHI, the vector DNA was ligated with dephosphorylated insert DNA and then packaged using the Gigapack Gold System (Stratagene). Finally, the assembled particles were transfected into E. coli 490A (Stelnmetz et al., 1982) and plated under ampicillin selection. This library has been designated as RL01.
Identification of human eosmid clones. The cosmid clones were plated at a density of 1,000-2,000 clones per 150-mm plate and then transferred to nylon membranes. The human placental DNA (Sigma) was labeled with [e-a2P]dCTP by the random primer labeling method (Feinberg and Vogelstein, 1983) and hybridized to the filters according to standard methods (Maniatis et al., 1989) . The positive clones were picked and transferred into individual wells of microtiter plates. After overnight culture, two replica filters were made using a 96-needle transferring device. One filter was hybridized with labeled human DNA and the another was hybridized with labeled hamster DNA. The clones that hybridized to human DNA with no detectable signal to hamster DNA were transferred into individual wells of microtiter plates, grown overnight, and then frozen at -80~ in LB media plus 20 % glycerol and 100 ag/ml ampicillin. Figure 1 presents "" r" l"[" .... , [T ......... ~i; 5.i ~1; 9, il; ~ZKi~K~; ~i~f~i~47 ~2c7,  / /1 / / / vi R2Dll, R2AS, R2Bll, R2C,6, R2B12, R2G7 DNAs for Alu-PCR amplification: 153E9a3, R2-10W (containing 21pll.l-q22.2), 21q + (containing 21pter-q22.1), 8q -a (containing 21q22.2-qter), 1881C-13b (containing 21q21.2-qter), ACEM (containing 21cen-qll.1 and q21.3-qter), and JC-6A (containing 21pter-qll.1 and 21q21.3-qter). Detailed analyses of these hybrids have been described elsewhere (Patterson et al., 1985; Gardiner et al., 1990) .
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Alu polymerase chain reaction (Alu-PCR).
An Alu-primer 3144 (Monaco et al., 1991) was used to amplify human DNA sequences from seven cell hybrids (Fig. 1) . It was synthesized on an Applied Biosystems 380B DNA synthesizer and subsequently purified by OPC column. The PCR reaction was performed on a GeneAmp PCR System 9600 (Perkin Elmer Cetus). The PCR reaction mixture contained 1 ~g of each cell hybrid DNA and 1.25 ~zM of the Alu primer in 100 ~xl of 0.01 M Tris-HC1 (pH 8.3), 0.0015 M MgC12, 0.05 M KC1, 250 ~M of each dNTPs, and 2.5 units of Cetus Taq polymerase. The template DNAs were initially denatured at 94~ for 2 rain, 45 cycles of PCR were then performed, each cycle consisting of a 2-rain denaturation at 94~ a 2-rain annealing at 57~ and 4-min extension at 74~
The final extension was carried out at 74~ for 10 min. The PCR products were analyzed by electrophoresis on a 1.2~ agarose gel. The remainder was used as a probe after it was extracted with phenol-chloroform.
Differential hybridization. A method based on the differential hybridization of cosmid clones with amplified inter-Alu sequences from a set of somatic cell hybrids was used to localize the cosmids onto subchromosomal regions (Zucman et al., 1992) . The HC21-specific cosmid clones were spotted onto nylon membrane using a robotic device (Biomech 1000, Beckman), and grown at 37~ for overnight. The filters were baked and prehybridized for 2 h at 72~ in the hybridization solution of 1 M NaCI, 50 mM Tris-HC1 (pH 8.0), 5 mM EDTA, 1 ~ SDS, 10 ~ dextran sulphate, and 200 ~g/ml sonicated human placental DNA (Sigma). One hundred nanogram PCR product from each cell hybrid was labeled by the random primer labeling method, and purified through Sephadex G-50. One hundred nanogram of the labeled DNA and 40 ~g of human placental DNA in 400 ~1 of 0.5 x hybridization solution (final) were denatured at 95~ for 7 rain, and then incubated at 72~ for 2 h. After suppression, the probe DNA was added to the hybridization bag, and hybridized for 14 h at 72~ (Chumakov et al., 1992b) . The filters were washed with 2 x SSC at room temperature for 15 min, and with 0.1 x SSC, 0.1 ~ SDS at 65~ for 30 min. The autoradiography was done for 24-36 h at -80~ with one intensifying screen.
Linear PCR. Linear PCR for creating end-specific probes of the clone insert was prepared by two independent reactions, using T3 and T7 primers, which correspond to the T3 and T7 promoter sequences adjacent to the cloning site of the vector (Caerano-Anollies et al., 1991). The EcoRI-digested cosmid DNA was purified through phenol-chloroform extraction and then used as a template in linear PCR with [e-s~P]dCTP (Mizukami et at., 1993) . The PCR was done with 30 cycles, each cycle consisting of 1-min denaturation at 94~ 1.5-min annealing at 53~ and l-rain extension at 74~
The linear PCR products were directly hybridized to the arrayed cosmid filters according to the method as described previously (Mizukami et al., 1993) .
RESULTS
Library composition
A cosmid library containing 3 x 105 clones was constructed from the cell hybrid, 153E9a3, which contains human chromosome 21 as the only human chromosome. Of the library, 56,500 clones have been screened and the library composition was shown in Table 1 . The result of the first screening with labeled human DNA indicate that 0.4~ clones of the library showed positive signals to human DNA probe. The 282 clones obtained from the first screening were further hybridized to labeled human DNA and hamster DNA, respectively. Of which, 229 clones (81.2~) hybridized to human DNA, 24 clones (8.5 ~) to hamster DNA, 15 clones (5.3 ~) to both, and 14 clones (5.0~) to neither. The insert size of the cosmid clones was estimated as 38_+8 kb by digesting 10 cosmids with EeoRI endonuclease.
Testing cosmids for NotI restriction site
To investigate the presence of Notl site of the cosmid clones, 229 of HC21-specific cosmids were digested with five units of NotI endonuclease per microgram of DNA under the conditions recommended by the manufacturer, and then fractionated by electrophoresis in a 1 ~ agarose gel. Since the vector, sCos-1, contains two NotI sites, more than two bands would be detected if the insert DNA contains NotI site. We found a total of 28 cosmids (12.2~ of those tested) contained one or two Notl sites.
Chromosomal mapping of the cosmids
Human DNA sequences from somatic cell hybrids were amp!ified with the AIu primer 3144. The total complexity of the Alu-PCR products appears to correlate with that of the human contents of the respective hybrids, and no amplification product was detected in hamster DNA (data not shown), Each Alu-PCR product obtained from seven cell hybrids was labeled and hybridized to the replica filters of the arrayed HC21 cosmid clones with total human DNA suppression. Figure   Table 1 . Assessment of library composition by species-specific colony hybridization. 2 shows the representative differential hybridization signals of cosmid clones to the A l u -P C R products obtained from cell hybrids, R2-10W and JC-6A. Using clear-cut stringent criteria for analysis of differential hybridization (Zucman et al., 1992) , essentially the positive signal cosmid could be unambiguously grouped in one of eight different regions according to its pattern of hybridization. This analysis identified 41 cosmids potentially located in the eight different regions of chromosome 21 (Fig. 1) . Ten cosmids did not meet the clear-cut stringent criteria, and they were not further analyzed. To estimate the targeting efficiency of this method, we used a YAC clone, SOD1 that has been localized on 21@2.1 (region VI) (Imai et at., t990) , as probe to screen the arrayed cosmid filters. Four positive clones (R1A9, R1B2, R1E4, and RIG4) that were potentially localized on region VI (Fig. 1) were obtained. Furthermore, DNA from these four cosmids was used for in situ hybridization to normal human metaphase, and a pair of strong signals 
Anchoring eosmid contigs onto chromosome 21 using the mapped cosmids
The end-specific probe of clone localized was generated by the inward-facing T3 or T7 promoter located at the clone site of the vector, and then hybridized to the arrayed cosmid filteis. A typical example is shown in Fig. 3 , the T3 and T7 end probes from the clone R1A9, that has been localized on region VI (21q22.1) by Alu-PCR method, was used to screen the arrayed cosmid clones from Livermore's library and our library. The T3-end probe hybridized to seven clones (Q94F7, Q35AS, Q17B8, Q94E7, Q88BI1, Q63A10, and Q44B5) in existing contig 12, the T7-end probe hybridized to all of three clones in existing contig 152, and both of probes hybridized to the clone R1E4 that was a similar clone to R1A9. To define the overlap relationship between the clone R1A9 and two contigs, all of clones were digested with EcoRI, and then analyzed by Southern hybridization. The junction fragments were also detected on autoradiograms as unique fragments by using overlapping fragments as probes (Fig. 3) . The results indicate that the gap between contigs 12 and 152, where no junction clone exists in the original library, can be closed up with the clone R1A9 and both contigs were mapped onto the region VI (21q22.1) of HC21. The localization of the contig 152 was also confirmed by PCR-specific detection of these clones with the primer 93B1012 that is a STS landmark localized at 21q22.1 (Hou et aL, unpublished data).
DISCUSSION
We have begun to construct the HC21 contig maps with cosmid clones. As a complementary step of this project, we have constructed a cosmid library from a human xhamster hybrid cell, 153E9a3, which contains HC21 as the only human chromosome. To map the cosmid clones onto chromosomal subregions rapidly, we carried out differential hybridization of the HC21-specific cosmid clones with amplified inter-Alu sequences obtained from somatic cell hybrids. Of these, 41 cosmids have been localized in eight subregions of HC21. The targeting efficiency of this method was evaluated by YAC-cosmid hybridization and in situ hybridization. The map location of cosmids derived by these methods showed excellent correspondence.
We have further identified 28 cosmids (12.2~ of those tested) that contained one or two NotI sites. NotI site is present, as rare restriction site, in vertebrate genome and its distribution is related to the distributions of genes (Bird, 1986) . It has been reported that 9.4~ of chromosome 3-specific cosmids carried one or two NotI sites and they contained gene sequences (Golembieski et al., 1991) . Our cosmids also carried NotI site with similar ratio. These cosmids should be a valuable resource for the identification of chromosome 21-specific genes.
Finally, we used these localized clones to anchor our existing contigs on HC21
and to close the gaps between the contigs. Of course, we can also do these works by the fingerprinting method. But, we have noted that the fingerprinting method tends to assemble the additional, redundant clones into existing contigs, instead of covering gaps. To discover the small overlaps between clones, we used endspecific probes of a clone insert, made available by the inward-facing T3 and T7 promoters located at the cloning site of the cosmid vector. Our results indicate that some contigs can be anchored onto HC21 and some gaps between contigs can be effectively closed up with the end-specific probes of these cosmids localized. Thus, these cosmids provided useful anchor points for contig mapping and walking. Of course, we also recognized that all of gaps between 4,440 contigs are difficult to be closed up with our 229 cosmids. The final closure of these gaps still needs other cosmids or YAC clones. The works of contig anchoring and gap closure are in progress, the final results will be summarized in another paper.
